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' This manual defines and explains the current planning criteria and will be reviewed and
apdhated as required. The planning criteria contained in this manual are, in general, to be
wformiby interpreted and wilized in the testing and planning of the transmission sysiem uniess
some devistion i3 justified as 2 result of special, econoiic or wnusual considerations. Such
upstances should not tecessarily be considered to-contlict with this criterion or 1o justify revising
thie criteria, but should be recognized as wmsnal and special cases. The reliability implcations of
all such deviations shall be quantified to the extent possible or otherwise qualified suflicienly to
ensure piindmal reliability tmpacts. The planmug criteils w this manual are guddelines to assist
the planning engineer in malding capital project andior eperating solution proposals for
anticipated system needs,
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1 Goal

This document describes the eriteria to be used in assessing the reliability of the ITC Midwest
tamsinission (100 kW and above”) system. Tlhis fransmission planning criteria is Infendsd to
result in an ITC Midwest transpiission system that economically and reliably aHews our
fransassion svstem costorers to serve load from generation of cholce.

2 NERC & MRO Reliability Criteria
ITC Midwest adheres to the NERC Reliability Standards and the MRO Standarpds.
It Table | of the NERC TPL Standards (TPL-G01-0, TPL-002-9, TPL-003-0 & TPL-004-0). four

categonies of conditions have been defined as follows (814G is single line ground and 34 is three
phase):

P Porthese sriteris, this ineludes transfosmiers with a low side voltage rading above 100 kW,
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Table 1~ Transmission System Standards - Normal and Emergency Conditions
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Exirems wvent ramitiag

¢ ot o it
o 3 Fault, with Delayed Chearing’ (stuck bresker Euatuie for zigks and consequences

prowestion systens Saibere):

W0 OF KISE ~May mevulve sihstaial oss of costomer dewand and generstion i
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o
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Appiicable rating refers to the spplicable Normnl snd Emergoncy facility thermad Rating or systain voltage Himit as
determined and constsrently applied by the systen o faviliny owner, Applicable Rotings may include Emergency Rotings
applicable for shot darations a5 required o perntopirsting sleps necessary to maintain system contrel. AN Ratings nmst
b patablished comsisteny with applicable WERL Raliability Standards addressiag Faciline Ravngs,

Planned or controlled intezmption of electric supply to radial cusiomers or somse local Network custonuers. connectad o or
supplied by the Faolted element or by the affected area, may occur i certan nreas withous Bupacting the oversl] reliability
of the interconnected ttanssuission systems. To prepore for the next comtingency, system adfostnents are penmifted,
irrcludisny crrtailments of contracted Fiom (mon-recaliable reserved) slecinic poveer Trassfies,

Depending an systen destgn and expected systens inspacts, the condiolled imterruption of electeie supphy o custoomers (Goad
shadding], the plonred removal from service of certafty gemeratons, andeor the cortilment of vonrreeted Fiom focn-recallable
resesved) slectris pover Transfors may be necessary W musintain the-overall reliabilicy of the imerconnectod trinsmission
Eysiems.

Andimber of extrens contifigencies that are hated under Category D and jodged to be critical by the transmission Pplanning
antity(les) will be selectsd for evaluation T is not expectsd that alf pessible freility outages nader each Huted contingenny of
Categrry I will be evaluated,

Nowmak clearing w when the protection sysiem operates #s designed and the Fauli is clearad in the time nonmelly wpected
with proper functioning of the instalfed protéction systenss. Delayed cleating of & Faukt iy due to failure of any protiction
sysiem compotient such'as a relay., cireut oeaker, of gurrent transformsr, and sot because of tu intentional design delay
Systern ayvessments viny exchude these events where muultiple circhit towers are used over short distsnees (g, sTation
sTrRICe, Tiver croiings} i accordunce with Regional exemprion crisia.
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The following requirements are specified in the MRO Standard TPL-5303-MRO-G1 System
Performance,

Table 2 - MRO System Performance Tahle'

MERC Categories Transient Rotor Angle Oscillation
Yoltage Damping Ratio Limits
Drasviation
Limits
A HNothing in addition o NERC Regulrements
B (See Motes 2 kinimum 0.70 Not to be tess than
and &) pu. gtany bus. | GOGS1033 for dislurbances

{Ses Mote By | with faulis or less than
0.0187460 for line Irips.
{See Nole 7%

C {See Notes 2, hinimum 670 Not fo be Jess than
3, and 6) R Ay bus, | 00081633 for disturbances
{Ses Note 5) with faulls or less than

00167680 Tor ine Urips.
{Seae Note 7

D (Ses Motes 2, Nothing in addifion to NERC Requiremehis
3, and 4}

Naodex:

1. The MRO Systerm Perfornumnce Table inclirding the notes apphes to the shitial transient period following the
contingeney (up-to 20 seconds) and the post-disturbance period {20 seconds t the end of the alloweed
readinstment period oy described {n MRO Reglonal Relisbility Stendand TPL-503-MROWI_BLAL

2. The following soownaizes the satoniatic and manna] rendjustents that ate penmmuble for all WNERC Categoiy
B distuzbances,

A, Generation adiusiments - Reducing or increasing generation while keeping the units ouvling or by bringing
addittonal units on lixe, The steeant of geoeeation chonge s Houdted 1o flunt eotannt that con be
accormplished within the allowed seadjustment perted. Due considerstion shall be given tostart up fne
and ramp rates of the units.

B. Capacifor and reactor switching - The number of capacitors and reactors which may be switched s hmited
tr {hose which eould be switched during the allowed readiusiment period. This includes those capacitors
and resctors that would be switched by awtowatie controls within the same period.

€. Adpastment of Load Tap Chragers {1TCs) 1o the exent possible within the silowed readiuctiment peviad.
Thas meludes both LTCs which would automatically sdjust and those vnder operator confrol wihich could

be adjusted within the alivwed readpustment pertod.

D Adpestment of phase shifters to the extent possible within the allowed readpstment period.

Pagedof 6
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The following requirements are specified in the MEO Standard TPL-303-MRO-01 Systenn
Performance.

Table 2 — MRC System Performance Table'

NERC Catagorias Transient Raotor Angle Oscillation
Woltage Damplng Ratio Limits
Deviation
Lirnits
A Mothing in adiion to NERC Requirements
B (Ses Motes 2 Bindmum 0.70 Mot to be less than
and 6} paL at any bus. | 0.0081833 for disturbances
{See Note 5) with faults ol less than
0.0167660 for lne tips.
(Sew MNeote 7}
< {See Notes 2, BAnimum 0.70 Mot {o be less than
3. ard B) pu. at any bus, | $.0081633 for dislurbances
{Ses Note 5) with fauits or fess than

0.E7860 for Bne trips,
{See Note 7}

0 {See Notes 2. Nothing in addition to NERC Reguiremsnts
3, and 4%

Maotes:

f. The MRO Sysiemn Performance Table including the motes applies to the fnitlal trandent partod following the
gontingency (v 1o 20 seconds] and the post-distarbance period {20 seconds 16 e end of the allowed
resdimstment period as deseribed 0 MRO Reglonel Reliabilty Staandard TPL-303-MRO-G1_R1 4}

[

The following summwmrizes the automatio and wannal readivsiments that are pernussible for all NERC Category
B disturbaaces.

A, Genesation adjustments - Reducing or increasing generation while keeping the units on-line or by bringing
sdditional vats om Hng, The muowt of gensration change s liadted to thint amiount that con be
seeotnplished within the alfowed readjustinent period. Due considerafion shall be given to stast up time
and sapap rates of the vaits,

B Capacitor and reactor switehing - The number of caproitors and reactors whicl rony be switched {5 linsieed
to those wlich could be switched durinrg fhe allowed readiustment perrod, This chudes those copacitons
and reactors that would be switched by sutometic contrels within the same period,

C. Adiustrent of Load Tap Changers (LTCS to the extent gossible within the allowed réadjustiment perntod.
This wieludes both LTCs which wounld awtomstiesily adjust and those under operator control which could

be adjusted within the allowed readpustment period.

D, Adjusteent of phase shiffers to the extent pousible within the allowed readjustment penied,

Page b ol 16
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The following requirements are specified in the MRO Standard TPL-503-MRO-01 System
Perforinence.

Table 2 - MRO System Performance Table'

MERC Calsgories Transient Rotor Angle Oscliigtion
Voltage Damping Ratio Limils
Deviation
Limits
A Nothing in addition to NERC Reguirements
B {See MNotes 2 Minimum 0.70 hof to De less than
and 8) P at any bus, | 0.0081633 for dislurbances
{See Note 5) with faults or fess than

00167864 for ine fips,
{Sea Note 7)

C {See MNotes 2. Blinimum 0.70 Kot to be less than
3, and B} pou. &t any bus. | 0.0081633 for disturbances
{Sae MNots §) vith-faulis or less than
00167660 for line fHps.
(Tee Mot 71
D {See Notes 2, Mothing in addition 1o NERC Requirements
3, and 4

Merdes:

1. Ths MRO System Performancs Table meluding the notes spplies to the mital vransisat period following the
conthigeney {op to 20 seconds) and the poytedisturbance perted (20 seconds to the end of the allowed
readjustment pesiod as described in MRCG Regional Reliability Standard THPL-503-MRO-01 R4

s

The following sumunarizes the amtomatic and maneal readjusiments that are permissible for afl NERC Category
B disturbances.

A Generstion adiustvents - Reducntg or increasing generstion while keeping the units co-line or by bringing
additional wnits o Hos, The amonsw of generation chenge is Hmited to that amount that can be
accompiished within the sllowed seadpstment pered. Due consideration shall be given to start up finis
and ramy vates of e units,

B. Capacitor and reactor switching - The namber of capaeitors and reactors wihicl may be swiiched (s Henized
to those which could be switched during the allowed readiusinrent pesiod. This inchides Hrose capacitors
ard resctors that would be switched by autematic conirels within the same periad,

€0 Adpustment of Load Fap Clongers {LT0s) to the extent posable within the allowed readfisument period.
Thas meltdes both LTCs whish would sutomaticslly adivst and those under operator control widch could

be adusted witlun the allowed readjustment period,

D, Adustoent of phase shifters to the extent possible within the alowed readinstment period.
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G.

E

The

Al

The

An increase or decrease to the flow on HVDC facilities to the ewtent possible within e allowed
readusiment period.

Greneration rejection to the extent possible within the affowed readjustiuent period. Shall not exceed the
wormal operating reserve of the peneration reseeve shaving pool o which the MRO Member belongs or of
the MRO Menber f o the MRO Member self-provides geoerstion reserves,

Transmission reconfigusation - Antomatic and eperator initiated teipping of transmission Hoes or
trarstormens {0 the extent possible within the allowsd readjustment pertod,

Awomatic or manual iripping of Tnterrapible Ioad or cumatbinent of 'or pre-detesmined redispatching of
Plens Peint-to-Point Transmission Serviee fo the sxtent possible within the allwed seadjustiment period,
Curtallment of Pirm Transuissron Service within the resdiustment periad i parmitted only o prepare fr
the next coniingency,

following additional readjostment may be considered for all NERC Category € contingencies.

Automatic or misnual tpping of firm Neteeork o Native Losd or eurtaihment of or predetenmined
redispatchiing of Firm Trausmiission Service to the extent possible within the allowed readjusinent period.

foflowing additonal rexdiustnenes may be considerad for sll NERC Category D contingeneies,
Planmed andfor controlled tslanding - Satomatic underfreqaency foad shedding, as specified i NERC

PRCO0G, 1s peimmitted to arvest declintng frequency and generation rejection is pamutied to anvest
imereasing freguency in order to wysare contimned operation within the resuliing Jslands,

Automatic undervoltage load shedding is prrniissible fo myest decliniag voltages and prevent witdespread
volinge collapse.

voltage of 0.7 per unit 1% the point ar which load dropping hegins to aveur due to mator comdactors dropping

out and induction moters stalbing and also the point whers sensifive (power clectronies begin to drop out.

Agparent ipedanee b

seient swings mio the inner two zones of distance velays are vnscceptable for NERC

Cat

App
Category T disturbanses, nnfess dotmneniation. is provided that dema

gory B distarbavoes. unless documentation s provided showing the actual relays will not trip fog the event.
rt mpedancs transient swings into the inner two zones of distance relsyy are unacoeptable for NERC
rates that arefay tip will not result in

mstabibity (incloding volrage mstabilityl, wicontrolled separation, or eascadiig outages,

Damping # vequired doring the inittal fransient period following the distmbanes fup 1o 20 seennds), The
machine rotor stgle danyping metio i derermined by sppropriste modal analveds {for example. Proay analysis),
Alternatively, the Rotor Angle Oscillation Damping Factor or Successive Positive Peak Ratio (SPPR) can be
calesdsed divevtly from the rofor angle, where therotor angle response allows saeh divect calevlation. Fora

destibames wiil @ fault, the SPPR nwst be less than 0.55 or the dampin,

factor must be greaterthag 3%, Fora

distrrbanes without 5 fanlt, the SPPR nmst be less than 8 50 o the damping factor must be greater than 15%.
{The SPPE satteria were chosen {o defime positive rotor angle dumping for study purposes i MAPP, The Rotor
Angle Oscillation Damping Ratio Linsts wers derived fron the SPFR aiteria}
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3 Introduction to ITC Midwest Planning Criteria

This planning criteria manual sets down the plaoming suidelines used to determine system needs
and justify modifications to the transimission system. This manual defines and explains the
crurrent planning criteria and will be reviewed aud updated as reguired.

The planning criteria contained in his manaal are, i general, to be wiformdy interprefed and
utilized in the testing and planving of the transndssion system unless some deviation is justified
as a vesult of special, economical or unuswal considerations. Such instagees should not
necessarily be considered to conflict with this criterion or 1o justify revising the criteria, but
should be recognized as unusual and special cases. The reliability implications of sl such
deviations shall be quantified fo the extent possible or otherwise gualified sufficienty to ensure
minimal relability impects. The planning criterin in this mwanval are gmudelines to assist the
planming engineer in making capital project and/or operating selution proposals for anticipated
sygtem needs,

Planuairvg for the ransmisston system 15 intended to provide a network capable of fransmitting
power between generating sources and loads. The ITC Midwaast svstem s wiilized by variows
generation sources and load throughour the Eastern Interconnection via Network Indegration
Transnmission Service or various other forms of Tragsoussion Service, The implementation of
the projecty and operating solutions identified by application of this planning criteria shall result
i oa ITC Midwest system for which the probubility of initialing cascading failures is very jow,
The system should also provide operating Hexihility nwlnding, but not Hmited to, aflowing
maintenance outages. Non-conseguential loss of load may be tolemted for extreme
contingencies,

In meeting the above objectives, the planning enginger must recognize the present state-of-the-
art with regard to equipment. construction practices, scheduling and the practical needs of
operating the electrical system. I must be recognized that thermal overlosding can shorten the
equipment life and fead to sudden fatlures anid that abnormal voltages can alse cause equipment
fathures and/or voltage sensitive equipnient to be affected. The planning engineer also needs to
be cognizant of ntangible considerations, such as the social and political hmplications of his
work as well as visual and ecological effects. In particalar, one sockal implication that the
platmitg shigineer peeds to constder is the social benefit of the loads belng able to access the
most economical generation available. Mauy of these elements cannot be guided by exact rules
and the engineer's judgment must be factored into the proposed projects. Tn swnniary, the
material gathered in this mamal is intended to provide basic system planning gouidelines. The
plaiming engineer, however, must still apply ingenuity, experience and judgment ln order fo
develop projects whdch kead to an economic and reliable power system and supports the access 1o
svonornicy) generation. Where judgment 1s used, it showid be recopnized as such and
documented so as 1o be part of the record for future planning.
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4 Thermal Loading and Voltage Planning Criteria

4.1 Description

The transmission system 15 used o wansmit power and energy from nterconnecied generation
plants to imferconnected loads. Some of the seneration and load thet utilize the ITC Midwest
system are pot directly interconnected with the TTC Midwest system but are pact of the larger
interconnected grid and wiilize the ITC Midwest systemn through iis tes with neighboring
systens,

4.2 Design Considerations

The ITC Midwest system should be designed such that foreseeable normal and contingency
conditfons do not result in equipment damage or in exceeding Acceptable loss of load (see Tuble
3~ ITC Midwest Planming Criteria for allowable load loss by contingency tvpe), Planning
studies are o be cavsied out for projected ammal peak system load conditions, bat the plaming
criteria also holds for load levels less than annual peak, Additionally, the planning criteria
evaluafes projectzd shutdown conditions (2 smgle element shutdown plus a single elewment forced
oty af o lower toad level.

The ITC Midwest system will be planned to be within ite thermeal capacity, to remain stable, to
be within equipimient short ciress capabilities, sad to be withia sceeptable voltage lmils while
meeting projected needs of users of the transmission system. These needs may be comnmpicated
by reservations on the tragsorission system mclnding network service or through other
mechanisns,

Studies {o defernnne transmission needs for a given power plazt will be based on the maxinnms
ressonable expected generation outpnl frons tat plant and adverse, buf credible, dispascly
scenarios Tor other nearby generation,

MRO models are rypically used to evaluate systent performance fr coniplisnee with the NERC
TPL Standards, Details of model development can be found in the MRO Mode! Building
Manual,

Faor those conditions and events that do not meet the pearformuance requirements of Table 3 ~ ITC
Midwest Planming Criteria, eompective plans tnvolving capital projects will be developed.
Operating poides will only be used as interim solutions, prior o completion of system upgrades,

4.3 Project Proposal Guidelines
Project proposals will be submitted if one or more of the following guidelines are met.

# Replacement of equipment which is unsafe to operate and/or presents a hazard. This
mrchudes projects required 1o réplace mterrapting devices that could be subjected to fult
currents whicl: exceed mementary or interrupting ratings, as well a5 projects requited to
replace equipment fhat periodic maintenance tests ave shown to have incipient fatlure.
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3 Replacement of equipment that presents a costly maintenance burden. This includes
projects required to replace equipmenst that periodic maintenance tests lmve shown
inereasing economic costs to maintain for reasons such as that equipment that is, or is
becoming, obsolete.

¥ Interconnection of reasenably documented new costomers or conunitted increases in load
ar existing customer stations. Related projects should be propesed if one or moie of the
planming criteria are viclated.

»  Relocation of ITC Midwest facilittes on public property as required by federal, state,
county ot local governmental wnits. Other requests for relocations are to be done only if
the requestor has coutracted to pay for the relocation or if economic justification exists.

¥ Repair, rebuild or replacement of equupuent which lias failed.

»  Repair, rebuild or replacement of fheilifies mesded to provide acceptable reliability. This
inchades facilities which due to design no longer provides accepiable reliability andfor
facilities in whicl normal madntensnce i not effective to maintain reliability due w the

overal! condition of the facilities.

¥ Requiremenis fo saimtain spare equipment to a level sufficient to provide thnely
replacements for normal fatlure rates,

> Mitigation of Instances with vielations or projected viclations of the planning criteria.
¥ Purchase of corridor, station and/or substation sies as needed for other projects,
Approved property purchases can also be associated with reasonable expecred future
needs.
Reasonable futire conditions such as load growth, changes in regional and interregional sysiem
flow patterns and future generators must be congidered when developing projects.  The gosl Is {o

develop a robust transmission system today which can be efficienty expanded to reliably and
economically accominodate tomorrow’s load and generation patterns.

4.4 Voltage and Facility Loading Criteria

4.4.1 Generally Appilicable Criteria

Page 1§ of 15
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Table 3 - ITC Midwest Planning Criteria

Dascription NERC Altowable Ratings Ll:::;i{ %2?@-? 21 M‘\f':%‘t? u;n

oy Category | Load Loss Used © 5 boe, )
System Normal A nonE normat TE% 5% 155"
Single Gensrator £ 1 GITTErgRnGY 0% H3% et
Single UG Cable B2 rona’ emergenty 1% 3% 1t0%
Sigle OH Line B2 nona emergenty | 108% w5 gt
Single Transformer 4 none” emergency 100% FE%7 SRTiC AL
Bues Section 4 nong® SIMErgReY 106% Ga% IR S,
il Broaker 2z aone ¥ Smergeny 3% s 1y b
Bi, BZor .
Shutdown + Contingoney 53 rone % EMEgBNCy T0% G3% 0%
Croatbie Circut Tower ' C5 rone ETisl gency 1% 3% L
Dongbte Contingenities ©

1. After First Contingency )

{Priof (o System Re- C3 none SMBIGRACY %0 3% § 0%,

Adigsimnent)

2. After First Continganicy

{Adter System Re- e nore el 1(HY% 5% g

Adjustrnent)

3. After Second )

CoRtingency {Prior o <3 norie 8 GMETOECY jatss G0% 1%

Systery Re-Adiustiment)

4. Aflgr Sacond

Contiigancy {Adter 3 noria 8 eSSy it Ha% 105% ¥

System Re-Sdiustmenty

b i N L P P 1S ficy
Extreirer Contingencies o ni0 cascading EINErGenTY 0% cascading | cascading
af  Theremay be some consequzntial lond fosy in the event of the loss of v radial circods, a transforimey @iy divect seres with
aradial errenit or the Joss of'a load fed from a radial tep off of a network circnit providad the load lost was served
direcily by the outaged facifity.

By System Normal voltage linits represent pre-contingent systery volfage limits (SOL4} under sonmal system conditong.
Post-comsingent system voltage Foits (S0Ls} are emergency voltage Husits wider abnorad or entergeney systen:
condiiions.

) Thenonnal and emergency vatings are developed inaccordance with PWR-8U1 ITC Midwest Egumipment Thernal
Load Ratings, The normal and emergeaey ratig sy be the snroe

4y The MERC Planning Stwxdardy constder 2 single cmtegory B event followead by operator intervention followed by
another category B event as a category Orevent. Action st be taken within 30 nunutes of initial disturbancs. The
lovs of fwo elemvents without thne betwvesn for operator action i merpreted by ITC Midwest to be more severs thag
category C and s treated liloe sn extrems contingency.

&) AH Nuclear Plant Interface Reguirensents (NPHRs) i the ITCMW foutpring shall be meondtored and upheld. The nonnad
and confingent DAEC 161 KV voliage requirement is a nuntium of 99,29 and a maxvnmm of 104 14%,

fi Thevolrage limiss listed are steady state voltage lingis. Voltage controd devices (o5, tap changers, switched shunis,
st phave shifting transformiers) ghould e s2t to control durnug the analysis.

2} There may be some Joad loss to a defined pocket of Ioad a5 5 divect eonsequence of the system topolagy.

Rt} The Load Level shown 3 the masimam load level Gn percent of the sysiom peak) to-whinh this part of the eritenia
shonld be applied. B s also valid at any load fove! fess than that shown,

1} Any two cirowts of 3 mulhple cirenit fowerline excludes wansmission cirousts whers maltiple cirowmt towers are vsad
aver & cumlative distance of 1 mule or tess s fength,

D Voliage muest be restorable to the Systens Nonmal range after sysiem adjustments. Action nmsi e taken within 30
msnntes of disturbance:

Ky 197% for 135 &V buses.

T System studies should monttor at the Systeny Normal Maxinnmn Voltage.
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Tests should be applied as appropriate to examine the svstem’s susceptibility to voltage collapse.
The system should be monitored for voltage deviations greater than 5%, The reactive reserve in
ary aven {comprizsed of “unused” reactive capability of generafors or shuat capacitors) may be
monifored in studies to identify possible voltage collapse scenarios, Low reactive reserves may
be an indication of being near the “knee” of the PV cwrve,

When contingencies resulf in buses being isolated from all sources of the same or kigher voltage,
it is not constdered @ violation of the planning criteria for voliages on the solated buses to be
oatside the parameters of Table 3 - TTC Midwest Planning Criteria, provided that the voltages on
the woderlying systernt are within acceprable linurs.

Frojects should be proposed if the loading on system elements (pverhead conductors.
underground cables and/or station equipment), nummy voltages, nwsinnun veliages, or the
amount of load loss are outside of the applicable contingeney category patameters us sef forth in
of Table 3 - ITC Midwest Planmng Critersa for any reasonably expected generation dispatch
pastern, or a dispatch that represent an average condition. Where projects are proposed for
additional dispatch stenarios, thew vee will be fustified and docmented.

4 4.2 Shutdown Conditions

Faor load levels &t or lelow the maximmn planned for load level with shutdovwns (see Table 3 -
FIC Midwest Planning Criteria) it is expected that the shutdows of a single compenent would
resudt in element loadings and system voliage within nommal ranges. Further, # i expecied that
contingent loss of a component on top of the shutdown of a single componeat would result m
elenent loadings and syslem voliages within emergency ranges,

There st be a significant, continuows tine daring the year when a systen element can be
shutdown for inspection, maintenance, adjacent hezard andfor element replacement. Planniag
studies nmst therefore evalaate the svsten under shutdown conditions using the maximum
planmed load level with shutdowns (see Table 3 - ITC Midwest Planning Criferia). The
roaximum planned for load level with shutdowns should perodically be re-ervaluated to ensure
that the application of that criterion 19 conststent with the requirement of having a significant,
continaous time during the vear when a system element can be shatdewn for inspection,
maistenmice, adfacent hazard and/or element replacement.

MRO summer off-peak models ave typically used to evaluate system perfonnance for shutdown

conditions, MRO defines supamer off-pesk (shoulder) load a3 70% of sununer peak load
conditions.
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4.4.3 Single Contingenicy Followed by Operator Action Followed by
Another Single Contingency

The forced outage of a single generator, ansmission cwewit (or portion thereof) or transformer
followed by operator interaction and then followed by another forced putage of a smplé
generaior, transmission clrouit (or pection therenf) or transformer is considered to e g NERC
Category C event. For these events, NERC Reliability Standard TPL-003-0 requires adl
remaining system elements 1o be within applicable thermal and voltage Hinits and a3so allows
load shedding. ITC Midwest hay separated the allewsable load shedding in the Standard into two
categories, I the first category. foad is shed viw operator-tuifiated actions following the loss of
pwo elements in order to keep the lnading of system elements within established longer-term
elnergeRcy ratings and svstem voltages within established lnnis. Following the loss oftwo
slements and prior tv load shed, the loading of systeny elements sust be within established short-
term emergency ratings.  Siace ITC Midwest does not use short-termi emergency ratings, this
tyvpe of load shedding i3 not allowed. In the second cafegory, supply 1o a defined pockst of load
is lost as the direct consequence of the system topology. An example of the second category
woutd be a substation which serves distribution load and hias only two supplies. The comcurreny
outage of both supplies will result ia the Joad af that substation bedng dropped. This type of load
shedding is allowed.

4.4.5 NERC Category D — Extreme Event

The ITC Midwest system will be evaluated usmg a number of extreme confingencies that are
Judged by Planning o be critical. It is not expected that it will be possible to evaluaie all
possible facility owiazes that fall into NERC Category D, Thiese events may mvolve substantial
ioad and generation loss in 2 widespread area. These critical category D contingencios should
nol result in cascading outages bevond the ITC Midwest system ares and any immediately
adjacent arcas.

5 Stability Criteria

Stability is the ability of a generator or power systein to reach an acceptable steady-state
operating point following a disturbance, This requires that thermal Joadings, load loss, and
voltage following the disturbanee are within the suidelines established in Table 3 — ITC Midwest
Planning Criteria.

Generatoy and system stability shall be maiitaived during and after the most severe of the
confingencies listed below:

1. 'With the fransmission systers normal, o three-phase fanlt at the most critical lecation®
with normal® clearing.

2. Simulteneous plass-to-ground fanlis on two framsmdssion circoits on & madtiple ciroudt
tower with normal clearing,

3. A single phase-to~-grovad favl af the most eritical location® with defayed clearing,
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4, With one element (iransmission line, tragsformer, protective relay, or circuit breaker)
initially out of service, a thiee phase-to-ground fault ar the most critical location® with
norinal® clearing,

5. Asingle phase-to-grommd mvernal breaker fhult with nermal clearing.

Where single pole tripping is enabled, single phase-to-ground fanlts on the transmission
cireuit with successfid reclosing, and vnsuecessful reclosing due to permanent single
phase-to-grovnd fauirs with normal® clearing.

w}  Faulis should be plticed on generators, aasndssion circats, ransformers, snd bus sections.

by MNormal clearing means thet sl protective squipuient worked s fniended mnd within devign guidelines.

¢ Drelayed clearing menns thit a cimomt breaker, relay oy commumeation chamest basmalfinictoned or fulad to operate withiz
design gmdelines. IF the delayed clearing s duefo 8 failure ro ppesate, focal and remeote backap clesrance is appraysed.

Performance duttng and after the disturbance shall meet the requirements of the NERC TPL
standard’s Table I - Trensmission System Stapdards - Wormal and Emergency Conditions, and
the MRO Svsten Performance Table of MRO Standard TPL-303-MRO-01.

A one-cyele’ safety margin must be added to the actual or planned fauli clearing time.

6 Short Circuit Criteria

Slot cirouit cusremnts are evaluated in accordance with mdustry standards as specified in
American Nafional Standardy report ANST C37.5- 1981 for older breskers rated on the total
current (asynunetricaly basis and American Standards Association réport C37.010-1979 {Reaff
1988} for new breakers rated on & synunetsival cirent hasis,

Ly generad, fanlf corrents wust be within specified momentary and/or interrapting ratings for
stdies made with all facilities 1 service, and with generators and synglwonous motors
reprasented by their appropriate (isually sub-transient soturated) resctance,

7 Power Quality/Reliability Criteria for Delivery Points

Dretails of Power Quality and Reliability Criterta for Delivery Points are covered in the
individual Interconnection Agreement Docurvents with the Load Serving Entities. The Planping
Engineer shall propose projecis as requirved in those agreenients.

* The basis for the one-cyele saefety margin iv that it has historically been used by MAFP and s Hsted iy the MATP
Members Reltability Critera and Study Procedures Mannal dated Apnil 2009 and the MISO Transmission Planaing
Busiiress Praciices Mannal dated 11-20-10,
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8 Voitage Deviation Standards

8.1 Capacitor Switching

The maximun percent change (step-change) in systenn vollage under normal svstem conditions
shall be 39 when sizing capacitor banks.

8.2 Loss of Generation

Over the norntal geperation availability range, with all wansmission elenients in service, the
voltege change measured anywhere in the systemi shall be considersd for a single cenerator
tripmng.

83 Loss of an Element

Over the normal geperation availability range. the voltage cliange measured anywhere in the
system shall be considered for a stugle transmission slemenyt tripping,

9 Coordination with Other Transmission Systems

8.7 Joint Planning

The ITC Midwest system has fvterconnections with nefghboring systerns, These systems include
neighboring transmission systems as well as distribution sysiems. The confractun] commitnents
with the interconmected neighibors, as well as the properties of Intercomnectad operations require
covrdinated joinr planning with others of not only the interconuection facilifies, but also
consideration of the nerworks comtignons to those imterconnections, Joint planning is
accomplished by participation in several regional plasming groups.

8.2 Interchange Capability

Loterconnections with other transnussion systems are intended to facilitate the economic and
reliability needs of generators and loads directly mterconnected with the TTC Midwest system.
In addition, these mierconnections can also support the economic and reliability needs of
generators and Joads not directy hurerconmected with the ITC Midwest system, Interchange
capability is the amount of power that can be transferred across transpyssion systems without
exceeding transnussion system facility lmmations. Accordingly, the evaluarion and planning of
miterchange capability is necessarily a joint effort by the concerned wiifities. ITC Midwest
participates in the wansfer anatysis performed by several regional planning sroups.
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10 Special Protection Systems (SPS)

It #5 ITC Midwest policy that new Special Protection Schemes (8P8) not be instadled o the ITC
Midwest system.  FTC Midwest will not support the mstallation of an 8PS o o neighboring
gystern whose purpose 18 (o mifigate potential issues on the TTC Midwest system.

For those SPS's gl have already been placed in service, pedodic reviews should be performed

to ensure that the scheme is deactivated when the conditions requiring its use no longer existor
systeny improvements o remove the 3PS are warranted.
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' This manual defines and explains the current planning criteria and will be reviewed and
updated as required. The planning criterfa contained m this manval are, in general, tobe
uniformly interpreted and utilized i the testing and planning of the subtransmission system
unless some deviation is justified as & result of special, economic or nnusual considerations. Such
instances should not necassarily be considered to contlict with this criferion or to justify revising
the criteria. but should be recognized ay wiuswal and special cases. The reltability implications of
alf such deviations shall be guantified to the extent possible or otherwise qualified sufficiently to
ensure nunimal reliability impacts, The plasniag criteria in this manual are guidelines © assist
the plaing engineer in making capital project and/or operating solution, proposals for
anticipated system needs,
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1 Goal

This document describes the cuinma to be used i assessing the relinbility of fhe ITC Midwest
subtransmission (below 100 £V systenn. This subtransmission planaing ceiteria is intended to
result iy an FTC Midwest subtransimission system that econemically and reliably allows our
subfransmission system customers 1o serve load from generation of choice,

2 Thermal Loading and Voltage Planning Criteria

2.1 Design Considerations

The ITC Midwest systen should be designed sach that foreseeabile normal and contingency
conditions do not result iy equipment dainage or in exceeding acceptabie loss of load {see Table
f - TTC Midwest Subtransmission Planning Criterin for allowable load loss by contingeney
tvpe). Planning stucies are to be carried out for projected anmual peald system load conditions,
but the planning criteria also holds for load Tevels less than annwal pealc

The ITC Midwest system will be planned 1o be within #s thernl capacity, to remain stable, to
be within equipment short olrowit capabilities, and o be within acceptable voltage Himits while
meeting projected needs of users of the subtransinission systenr. These needs may be
communicated by reservations on the subtrapwmission system including nerwork service or
through other mechamsins.

Studies to defermine subtransniission needs for a given power plant will be based on the
miainnn: reasonable expected generation output from that plant and adverse, but credible,
dispatch scenarins for other newrby generation.

MRO wodels are typically used to evaluate systens performance. Details of model developient
can be found in the MRO Model Buildmg Manual,

For those conditions and events that do nof meet the performance requirements of Table [ - ITC
Midwest Sublransmission Planning Criteria, comrective plans tnvolving capizal projects wall be
developed. Operating guides will only be vsed as interhiny solutions, prior (o completion of
systern upgrades.

2.2 Project Proposal Guidelines

Project proposals will be submitted if one or more of the following guidelines are met.

»  Replacement of equipment whitch 1s unsafe fo operafe and/or presents # hazard, This
includes projects required to replace interrapting devices that could be subjected fo faul:

% Fur these criferia, this lucludes transTormers with 2 Tew side voliage mting below 100 KV,
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carvents which excesd momentary orinterrupting ratings, as well as projects required
replace equipment that periodic maintenance tests have shown to have incipien failure,

#  Replacement of equipment that presents a costly maintenance burdsn, This includes
projects required to replace equipment that periodic maintenance tests have shown
mereasing economic Costs fo maintain for reasows such as that equipment st s, or is
becoming, ubsolete.

#  Interconsection of reasonably decomented new customers or commitied increases in lowd
at existing custorer stations. Related projects should be proposed if one or more of the
planning criferia ave violated.

F  Relocation of ITC Midwest facilities on public properiy as required by Tederal, state,
covnty or local governmental units. Gthrer recquests for relocations are 10 be done oaly if
the requestor has coutracted to pay for the relocation or if economic justification exists.

¥ Repam. vebuild or replacement of equipment which has failed,

* Repair. rebuild or replacentent of fhoilities neaded to provide acceptable reliability. This
tacludes facilities which due to design no longer provides acceptable reliability sudior
facilities i which normdl maintenance 15 not effective to maintain reliability due to the
everall condition of fhe facilities,

#»  Requirernents (o maintain spare equipment fo a level sufficient 1o provide vmely
replacements for nornial failure rates,

»  Mitigation of instatices with wiolations or projected violatons of the planning criteria.

# Purchase of corrtdor, station and/or substation sites as needed for otlier projects.
Approved property purchases can alse be sssociated with reasonable expected future
needs.

Reasonable farmre conditions such as load growth, changes in regional end fterregional svstem
flow patterns and future generators must be considered when developing projects.  The goal is to
develop  robust sublransmission systaan today which can be efficienily expanded to reliably
econonteally sccommodate totromow 'y load and generation patterns.

2.3 Voltage and Facility Loading Criteria
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Table 1 - ITC Midwest Subtransmission Planning Criteria

Description ,NERC Allewable Ratin‘ 3 t::::i Ngg:g;gn M\!ﬂr;l::;;n
Category | Load Loss Used v o 4
Syster Normaj | A s norgeal 0% G55 T0E%™
Single Gengrator ¥ B fone gimagenny | 0% og% "t 1105 ¥
Sirgle UG Cable § B2 raorig emergency | t00% 3% 110%5F
Single O Line # B2 rwong * emeroeney | 100% ga% 109 5P
Sigle Transformer ® B none” emergency | t00% | 93%"™F 110% -
Bus Section ¥ M| none & emergancy | 100% 939%™ L g0k
Doube Circuit Tower & 5 none ™ amergency | 100% 039 ™ 8% =
Circait Bregker » 100 kY 2 nane 4 smargeny - 100% G0% " F10% P
Double Confingencies > 160 kv | % rong BITIRIENCY 100% %~ 0 B

ab

i

&}

There may be some consequential load foss in the event of the loss of & rachial efrenst, o transforiner i dizest
series with a racial crewt or the loss of & load fod from a radfinl thy off of & network cironit provided the
load lost was served diveatly by the outaged faeility.

The normal snd emergency ratings are developed i accordance with PWR-G0T ITC Midhwest Bquipment
Fhermal Load Ratings, The normal and emecgency esiing may be the ssmne.

The Mininmem Veltage reqpairement for 6% KV vetail users without voltage regulation 15 97.5 % ibrmal, and
95.0% postcontingency. This includes Cargdll (Eddyville}, Grithn Wheel, Keokuk $ieed, and Ogilvie
Rl

The voltage Hmits Hsted are steady state voltage Hmits. Vollage comtrol devices (2.g., tap clungers,
cwitched shunts, znd phase shifting brmsfismvers) shoudd be set to conteol during the analysis.

The Load Level shown is the maxinmes foasd level (i percent of the systeny peak) to which this part of the
critesia shiovold be applted. ¥t s aloo valid of oy load level Jess than fhint dhoven.

Mormal conditions. inchide an appropriate set of scenartos tiat comsider appropriate senetafors not in the
digpatel. This would typleally fmelude municipal generatoss or 1 single generator dispatehed off in the area
of stady.

Embergeacy conditivns iwlhide s appropidate sef of seenarios that consider sppropriate generators nob i
the dispateh fn addition to the transmivsion clement omtages. This would typieally tnchude at leaws » single
generator dispaiched off prior to applving the contingencvunder study,

There muy be some load loss fo o defined pocket of Toadl as a-dirses vonsequence of the sysiem sopology.
Aury bvo eircutts of 4 multipls elreuit towsding excludes tansmission clrouits where multiple chreaif towers
abe wsed over a cumnlative distroce of §inile o less o fength,

System Nonnal voltage Hinits représent pre-confingent sysiem voltage Rmits (8OLs} soder normal system
conditions. Post-confingent systens voltage hmits (SULs) are emergency voltage limits wndee abnormal or
anergency system conditions,

Voltage mnst be restorable to the Sysern Normal rangs after system adjusments. Action ninst be taken
within 30 auowmes of disivrbance.

The NERC Planming Standards consider a single categary B event followed by operator intervention
followed by another category B event as g category U event. Sction mmst be taken within 30 minutes of
iitial distarbance. The foss of two elenents withowt fime between for operator action is imerpreted by ITC
Midwrest to be more severs than category C and is weated like an extreme contingeney.

Systern Mool Mintann and Maxswnmy Voltage limndts Tor 34,5 KV are 102% and 108% respeetivaly,
G9% for 34.3 KV buses

969 for 34.5 BV busss. Voltage must be restorable to 93% for 69 &V and 99% for 34 1V after syitem
adjustments. Action rust be ke within 30 misutes of disturbance.

System studies should monitor at the System Nomuml Maxinnun Vollage.

Page 5 of 8




[T Midwest Subtransmssion Plauning Criteria Below 108 kV
My, 2012

Tests should be applied as appropriate to examine the systent’s susceptibility to vollage collapse.
The systen should be mordtored for voltage deviations greater than 5%. The reactive reserve in
an area {comprised of “unused” reactive capability of generators or shunt capacitors) nay be
monitorad in studies to identify possible voltage collopse scenaios. Low reactive reserves miay
be an indication of being near the “knee” of the PV curve.

When contingencies resulf in buses beimg isolated from all sources of the same or higher voltage,
it i not considered a viotation of the planning criteria for voltages on the isolated buses o be
outside the parameiers of Table 1 - ITC Midwest Subtransimission Plagining Criteris, provided
that the valtages on the underlying system are within acceptable lHmits.

Projecis should be proposed i the foading on system elements (overlead conductors,
mnderground calbles andlor station equipinent], minimum voltages, macimem voliages, or the
amount of load Joss are outside of the applicable contingency category parameters as set forth in
of Tablke | - ITC Midwest Subtransmission Plasning Criferin for any reasonably expected
generation dispaich pattern, or a dispateh that represent an average coudition. Where projects are
praposed for additional dispatcli scenarios, thefr use will be fustified and documented,

3 Stability Criteria

Seability iy the ability of a generator or power system to reach an acceptable steady-state
operating point following a disturbance. This requires that thermal foadings, load oss, and
velinge following the disturbance are within the guldelmes establislied in Tably | - ITC Midwest
Subtransmission Planamg Criteria.

Grenerator and system stabilily shall be maintained during and after the most severe of the
contimgeneciss Hsted balow:

L. With the transmission system normal. 2 three-phase fault at the mos! critical location®
with normal® clearing.

2. Simultaneons phase-to-ground faults on two tzansn

tower with noernal® clearing.

A single phase-to-ground fault af the most critical tocation® with delaved® clearing.

With one elemeint (transmission Hne, wansformer, profective relay. or circult breaker)

imitiatly out of service, a three phase-to-ground fault at the most critical tocation® with

nonnal® clearing.

A single phase-to-ground nfernal byealer fanlt with monmal® clearing.

oin clreudis on e muliiple cireuit

ad

*=

N

a)  Faults should be placed on generators, ransimission cirouits, ransformers, and bus seciions.

b} MNormal clearitg mesns that all protectiie squipment worked a4 tntended and withia design quidelines.

e} Drelayed clesring means that & ciroutt breaker, velay or compnnication cliazme? bas palfanctioned o fadled to operate withm
Jesgny poidelines, ke delaved clearing is dus o a failnre to operate, Tocal and remote backuprclearnnce i3 appragsed.
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Performanes during and after the disturbance shall meet the requirements of the NERC TPL
standard’s Table | - Transnussion System Standards — Normal and Emergency Conditfons, and
the requiremnents of the MRO System Performance Table of MRO Standard TPE~303-MRO-01.

A one-cvele” safety margin must be added to the actual or planmed fault clearing time,

4 Short Circuit Criteria

Short cireu! currents are evalnated in accordance wifl industry standards as specified in
Awmerican National Standerds report ANST C37.5-1981 for older breakers vated on the total
current (asyvmmetrical} basiv and Ameriean Standards Association report CY7.010-1979 (Reaff
1088} for new breakers rated on o syounefrical corrent basis,

In general, fault currents must be within specified momentary and/or iterrupding ratings for
stadies made with all facilities in service, and with generators and synchronous mofors
represented by their appropriate (usually sub-transient saturated) reactance.

5 Power Quality/Reliability Criteria for Delivery Points

Details of Power Quality and Relability Corterte for Delivery Points are covered i the
mdividual Intercommection Agreement Dovuments with the Losd Serving Entities. The Planning
Engineer shall propose projects as reuired m those agreements.

6 Voltage Deviation Standards

6.1 Capacitor Switching

The maximim percent change fstep~-change) In sysiem veltage wder normal system conditions
shall be 3% when sizing capacitor banks.

6.2 Loss of Generation

Over the normal getieration availability range, with all transission elaments in service, the
voliage change measured anvwhers i the systent shall be considered for a single renerator
(rippili.

¥ The basis for the one-eyele safety margin is that it has Mstorically been nsed by MAPP and &s listed in the MAPP
Members Reliabifity Criterda and Sindy Procedures $danual dated April 2009, and the MESO Transmission Planning
Business Pracrices Maoual dated 11-20-10,
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6.3 Loss of an Element

Orwer thre normal generation availability range. the voltage chiange measured anywhere in the
system shall be considerad for o single transmission element tripping.

7 Coordination with Other Transmission Systems

The ITC Midwest system Has tnferconneciions with neighboring svstems. These systems nchude
neighbosing transmission systems as well as distribution systems, The contractual commnitments
with the interconnected neighbors, as well as the properties of interconnected operations require
coordizated joint planning with others of iot only the interconnection facilities, but also
consideration of the merworks contignons to those Iterconpections. Jomt planing is
accomplished by participation in several reglonal planning grouns,

8 Special Protection Systems (SPS)

It is ITC kidwest policy that new Special Protection Schemes (8P8) not be instalfed on the ITC
Midwest systern.  ITC Midwest will not support the installation of an SPS on a neighboring
system whose purpose 1% to mitigate potential issies on the ITC Midveest system.

For those SPS’s thet have already been placed m service, periodic reviews should be performed
to ensure that the scheme is deactivated when the conditions reguiring its wse no longer exist or
sysfern wpproveients o remoeve the SPS are waorsnted. '
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United States of America
Federal Energy Regulatory Commission

2010 FERC Form 715
Annual Transmission Planning and Evaluation Report
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1 Goal

This is the jobit planning eriteria for the [TC Transmission and Mickigan Electric Transmission
Company transprssion systems. For stmplcity m the remainder of this report, the joint systems
will be referred o as the “Transmission System”™. This transindssion planning criteria is infended 1o
result in a Transmission Svstermn that economically and reliably allows owr transmission system
customers to serve their load from my generation of their choice.

2 NERC & ReliabilityFirst Reliability Criteria

ITC Tromsmission and Michigan Electric Transmission Company adlere to all carrent NERC and
ReliabilityFirsi Reliability Standards.

FECTransmission myd Michigan Electric Transmission Company alse adhere to the legacy ECAR
Document 1 approved October 20, 1967, revised Novemnber 6, 1980 and revised again Juby 27,
1998, ECAR Document 1 is entitled "Reliabilsty Criteria for Evaluation and Sinmulated Testing of
ECAR Bulk power supply systam’”.

As menbers of ReliabittyFirsr, ITTCTransmission and Michigan Fleetric Transmission Company
adhere fo the legacy ECAR Doeumient No. 1 and the statement confained theredn that, ... The
ECAR members recogiize the Hupossibility of anticipating, pod resting for, all possible
contingencies that could ocenr on either the present or the fature Bulk Electiic Systems within
ECAR, They believe, therefore, that the teanswussion reliability ertteria should serve pitinarily as a
tieans to measure the soength of the systems to withsfand the eatire spectruny of contingenciss,
that may or may not be readily visualized, ratlrer than commprise a detailed listing of probable
disturbances, Ultimately, the strength of the system as planmed and operated must be sufficient to
agsure that any foud loss has not been the result 6f or does nof result in uncontrolled power
interruptions. In view of this, the selection of reliability criteria is based not on whether speetfic
cositingencies for which the systen i¢ being tested are themselves ighly probable but rather on
wirether they constitute an effective amd practical means to stress the system and thus test its ability
to avoid wacomtrolled power interraptions.”

In Table 1 of the NERC Planning Standards, four categories of conditions have besn defined as
follows (SLG s single lne to ground and 3& is three phasey:

Page 3 of 15



Trassnussion Planping Criteria

February 2012

Table 1 - NERC Planning Standards
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3 Introduction to Transmission System Planning Criteria

This planiing criteria manuval identifies the planning gordelines used 10 determine system needs and
fustify modifications o the transmdssion system. This munual defines and explains the current
planning oriteria and will be reviewed and updated as required.

The planndng criteria contuined in this manual are, in gensral, to be vniformly mterpreted and
ntilized i the resting and planging of the transiission systen uiless sotwe deviation is justified as
a result of special, economical or unusual considerations. Such instances should nof necessarily be
considered o conflict with this criterfon or to justify revising the criteria, but should be recognized
as unusual and special cases. The relisbality impicationy of all such deviations shall be quantified
to the extent possible or otherwise qualified sufficiently to enstre minimial reliability fpacts. The
plansing criteria i this manual are puidelines to nssist the planning engineer in making capital
project and/or operating soletion proposals for anticipated system needs.

Planning for the transmission system is ntended to provide a network capable of ransmitting
power between generating sources and foads. The Transmission System is uiilized by varions
generation sources and Toads Hwoughout the Eastern Litercounection vie Network Integration
Transmission Service or various other forms of Transnsission Service. The implementation of the
projects and operating solutions identified by application of this planuing criteria shall result in g
Tranzmission Systemn for which the probabiiity of initiefing cascading failures is very low. The
system, shionld also provide operating flexibiltty tncluding, butsot limited to, allowing mainténaice
odages. Loss of load may be wolerated for sonwe sysfem outages wideh ocour during msintenancs
shutdowns, double and extreme contingencies,

In meeting the above objectives, the planning engiveer must recognize present state~of-the-art
equipment, vnderstand construction practices, scheduling and the practical needs of operating the
electrical systen. It must berecognized that thermed overloading can shorten equipment Hfe and
lead to sudden failures and that abnormal voltages can also cause equipmnent failores andfor vollage
sensitive squipment to be adversely affected. The planning engineer alse needs fo be copnizant of
itangible considerations. such as tie social and polirical impheations of his work which inclnde
visnal and ecelegical effects. In particular, one social implication that the planning enginser needs
to consider is the soctal benefit of the loads being able 1o access the most economical generation
avallable. Many of these elements cannot be auided by exact sules and the engineer's indpment
must be factored mto the proposed projects. H summiry, the material gathered in this manval is
intended to provide basic system planning guidelines. The planning engineer, however, nmst still
apply ingenuity, experience and judgment in order to develop projects which lesad to an economic
and reliable power system and supports the access 1o economdeal generation.  'Wiere judgnient is
used, it should be recognized as such and decumented so as to be part of the record for future
planning,

The introduction of wind gersration in Michigan has added a new dimension 1o the study and
planning of the wansadssion system. One of the goals of any transtission systent study should be
i0 develop a transmission syster capable of reliably delivering all types of zeneration on the

il
i
T
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systern to the required loads at il appropriate load levels, Wind generation typically is at ifs
highest output when systen loading is not af ifs peak. The ITCT amd METC planning criteria shall
apply o system conditions at all load levels (s detailed in Table 23, including those when wind
genération is at ifs pealk,

4 Thermal Loading and Voltage Planning Criteria

4.1 Description

The wansmission system is vsed fo transmit power and energy from inferconnected generation
plants to mterconnected loads. Some of the geoeration and foad that viilize the Transmission
Systen: are not divectly interconnected with the Transmission Svsten buf ave part of the largey
inferconnected grid and utilize the Transmission Systen Hwough is ties with neighboring systems.

4.2 Design Considerations

The Transmission Sysfent should be designed such that foreseeable normal and contingency
conchitions do net result in equipment damage or i exceeding acceptablé loss of load (see Table 2 -
Tramsmission System Planning Standards for allowable load loss by contingency tvpe). Planiing
studdies are o be completed for projected annual pesk system load conditions, but the planuing
eriteria is also applicable for loads lesy than the annual peak system load level, Planming studies to
evaluate projected shutdown conditions {o single non-generator element shutdown plus a single
element forced out) however, are to be evalnated at a lower Ioad level (see Table 2 ~ Transmission
Systern Planning Standards).

The Trausmission System will be planned to be within its thermal capacity, to remain stable, to be
within equipment short circuit capabilities, and fo be within acceptable voltage limits while meeting
projected needs of users of the transtnission systern. These needs may be communicated by
reservations on the ransmission system including network service requests or through othey
rechanisms.

When svaluating fhe systemn’s expected performiance. i the absence of specific customer identifled
generation resources (such as designated network resources), generstion shall be dispatched on an
assumed economnic aud probabilistic basis. In any case, including the system “normal™ case,
reasonable assumed forced and scheduled generator outages shall be considersd. Studies to
determine transmission needs for a given power plant will be based on the maximum reasonable
expected generation outpu from that plant and adverse, but credible, dispatch scenariog for ofher
nearby generation shall be considered.

4.3 Project Proposal Guidelines
Project proposals will be submitted if one or more of the following gnidelines are met.
¥ Replacement of equipment which is nnsafe o operate andfor presents a hazard, This
mclades projects required fo replace interrupting devices thet could Le subiected w fault

currents which exceed momentary oy intermupiing ratings, as well as projecty required fo
replace equipment that periodic maintenance tests lave showa to have incipient failura.
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¥ Replacentent of equipment that presents a costly maintenance burden, This mcludes
projects reguired to teplace equipment tat pertodic maintenance tests have shown
increasing economic costs fo maintain for reasons sich as that equipment that is, or is
becoming, obsolete,

¥ terconnection of reasonably documented new customers or commitied increases in load at
existing customer stations. Related projects should be proposed i one or more of the
cuidelines under criteria Sections 4 through 7 arve violated.

»  Relocafion of Transnsisston System facilities on public property as required by federal,
state, county or local governmental uiits. Other requests for relocations are to be done only
if the requestor has comracted to pay for the relocation or if economic justification exists,

> Repalr, rebuild or replacement of eqaipment which has failed.

> Requirements to mainiain spare equipiment to a level sufficlent to provide timely
replacenients for normal fadlure rates,

¥ KMitigation of instances with violations or projected vielattons of the planning criferia,

¥ Purchase of corridor, station andior substation sites ay needed for other projecis. Approved
property purchases can also be associated with reasonable expected finore needs.

Rezazonable future conditions such ag load growsh, changey in regional and imterregional system
flow patterns and firmire generatory much be considered when developing projects.  The goal is to
develop a robust trapsmission system feday which can be efficiently expanded to rehably and
economically accommeodate tormwrrow’s load and generation patterns.
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4.4 Voltage and Facility Loading Criteria

4.4.1 Generally Applicable Criteria

Table 2 - Transmission System Planning Standards

[ n
' foad Level® | )
. . PR NERQ Allgwabbe ZES 1 . g o o Windmasre 1 Maximuons
ITCTransmission Deseription Category | Load toss! Level' | Ratirgs Used if«j;,;séjem Voiage™ Vo!tage""
Sysiem Norms® A g EHV, HY § fEnideste 0% 7% 107% "
Single Generator (oo Generalons i . - o P p— o b
proxiaity o i bibe case) B4 nane EHY, HY oGl 1o 7% 107%
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geme@mzrs 2 proxhmily oft In base B nokE EHV, HV emtergency © 100% 2% 1o
cagel)
Singgie LS Cable’ B2 none® EHY, HY emergency’” 130% e T
Singhe O Ling " B2 none EHY, HY | emergenty® 100% G2 7% "
Singie Transtamner’ 53 aone® EHY, HV energeny s Y% PT% @
Shint Device™ B4 nene EHYRV | emarmency © 0% 224% in7s’
;I;Sﬁ"if“g of & line seclion wiv 3 By none® EHV.HV | emergency® 00% 404 107%"
, nane™ EHY emergency © HI% i 07"
Bus Bechum 1 . N ) o
100 B HY | emargency REviL 92% 107 %
o R nonie ™ EHY | emergency” 100% G2% W'
Chouit Bregker o2 i . R . o
SO0 MY HY emangency W% G2 Wi
. F) 2 -
Shusdown + Confingency ¥ mf’;; Lo mone ™ gHY, HY | emergency® AR @Y% 137 %°
Diouble Circult Tower (DCTY' cH 00 Wb EHY HY | emergeocy” 100% 2% 7%
Dol Congingencies 8 0 s
1. A First Conlingency
{Prior lo System Re- o3 sttt EHY, HY envergency 1% Wariakie ® 107% "
Adjustmenty
2. Afler Frsl Contingency - S . N — o i P
[fter Sysier ResAdrstuEnt c3 nane EHV, HY noFEal 100% Variabla 107%
3. Atter Second Contingsngy
{Prior o System Fie- [853 SO0 MW EHV, HY sy 0% Varjahte ¥ 107"
Adjusimenty
- e ne = . i ==
1 . EHY, HY ITEETRNLY 1 . )
Exirame Confingencles £ cascading ¥, H SIRETRENCY Q0% cascadmig | cascaging
a}  There sy be some congeduential lomd doss G fhe event of the Trss of o radial eircudn & tansformer in divectserfes withon radisl eitendl or
tte Joss Of & Joud fixd from o radiz! v off of & network Sircsit provited the Toad Tsst was sérved divectly by the ouraged faciity,
Bl 110% is the generalfv applicable system (plysieaty linit and represents $QOLs. For some specific ivetions a sore stringent SOL timit
wiay b applied. Sysbem studies wdd ot and plaa o 5% woliage dueto comtractusd oblipationy weith the Losd Serving Fatltes.
The coutrctual obligation does not define thi SOL.
¢} The emergency suding applied skl be of 2 wppropriste duvation consieting both the piece of equipuaest Hmited and the comiizgency
studing,
& Thwe NERC Phanoring Stendards consider a single categary B event foflowed by operator intervention foflowed by another category B
eveniaga category O event, The loss of two elements withoul time between for sperator aution iy inferpreted by TTC fo e miore severe
than cotagury C and & reated lke an exirents contingency.
¢y Nornmi Conditicns inelude an approprise set of seenarios that consider appropriate generators ool in the: dispasch,
fy  Emergency copditions inchide an-appropriate set of scenatios that consider sppropriale geaerators not i e dispately in adtinon 1o the

stngle, double and mulfipls gassmission element ourages. This would typieaily ticlode ot least & single geserstor dispatched off privr to
applying e contingency under sdy
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gy Mimisony vedtage dusing a dovble conlingency o mi extistie contmgeney iy detefmunis by the mininns voltage rednrived at power plints
fer awold widesgread caseading ourges. The prinieno voltage reguirenents vary Fom plant to plaat,

by Some tuses Bave individoa! voliage Hmits, These are reviewed on x case by cuse basiz.

§ The voltage s Hstfed e stendy state voltage Fmits, Volfage control devives {tap changers, switched shnats, plase shifting
trnsformers ) shoald. beoset 1o control during the andlysi.

3 Bunocircomstance shonld the contingenoy resalt i antonstic tripping of & cirowit or sadety viehons,

k) The Lond Level shows i the swecunen: Toad Jevel towhich this part of the criferis should be applied. It s also valid af sy foad oved less
ho That shoves, Tor mstames when sfrdving the impact of wingd peneration disparched 5t a lond Jevel Tess than systen peak.

B Allvwable foad loss 15 the.sum ol Ty any load lest directly follewig ihe event such as Ioad fed radially off an ontaged e and 25 2oy fad
shed to get within applicable Lot

m)  Approprate chssifieation Tor smitiple outges ivvolving geaerdors shall depend on the siapes of other generators in proximity & the
starting case. For exanple, the shutdown of 2 generator and subsequent costingency shiall e considered 7 “shuidewn + contingeney”
ehould generation already be off in the prouinady i fhe normeal case. 1 generation i notoff in the prostimity i e base cave, ihis shall be
consfdered gs avhmpk contingency.

ui  BullcElectriz Syt (HES) lovel references inchsde axtra-ligh voliage [ERVY facitities defined as greatel fhaan 3008V wnd Digh volinge
VS facilies defined an fie 300XV and Jowrer volings svstens, The desigriation of FHY and BV 1 vsed 1o disiinguith bétween stated
perfbrmance criteriy allowances for interruption of fivie irnnsmission service and non-consequential foad foss,

o) Feguirements which are applicable to shunt devicesalso apply to PATTS devices that are connected 1o growsd,

o Opesing one end of & Hine section without 3 fanlt oi-& sormally networked atsanssion circsnt such Hhat the line 15 passibly seivang Joad
radially from & shgle source potnt,

5 A protection sysfens nuintenance shutdowse or Bulure would constinite o wiable contingeney for Catrgory B3 ar OF eveats,

& A Nuclear Phat Interface Requirernets (NPIRs) appleable fo generador plants in the ITCT and METC footprinte shall be monitored and

upheld.

The reactive reserve i an area {comprised of “unused” reactive capability of generators or shunt
capacitors) should be mondtored n studies to identify possible voltage collapse scenarios. Low
reactive reserves nmay be an indication of being near the “kaee™ of the PV carve,

Post-contingency voltages including those for the NERC category C events should be high enough
o ensure that there would be ne motor stalling on the distribution systent, Orlier refated tesiy
should be applied a3 appropriate to exanune the systeit’s susceptibility to voltage collapee.

When studying the system. generators shall be dispatched on a basis that considers conunitted
resourees, asswned economics, and probabilities of forced and scheduled gensrator owtages. It mnay
be appropriate  constder conditions with maltiple generator tnity unavailable I a0 area especially
if the conditicns being studied may be prevalent for an extended period of time, Further, as
appropriate. the system shouid be analyzed 1o consider vulnerability to the exzended outage or the
retivement of any particular generating unit or plant.

For any reasonably expeécted generation dispatel: pattern, or a dispatcl that represent an average
condition, notwithstanding documented application of judgment 1o the contrary, projects should be
proposed if the loading on systfemn elenents (overhead conductors, anderground cables andfor
station equipment), mininnum voltages, maxinma voltages, or the amount of load loss are outside
of the applicable contingency category parameters as set forth in of Table 2 - Transmission System
Planning Standerds.

Allowable load loss includes any load lost with the contingeney plus manual load shedding. The

planning engineer should evaluate any location for reductions in load that would reasonably be
expected to rectuce loading on the Hmiting circuft.
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4.4.2 Shutdown Conditions

For load levels below the waximum planned for load level with shundowns (see Table 2 -
Transmission Systera Planning Standards), it is expected that the shutdown’ of a single component
would result in element loadings and system voltage with norsl fanpes as the gysten: will be
planned to be able fo withstard a pre-eustiog shutdown of an element at or below o pre-determined
load level Further, it is expected that contingent foss of 2 component on top of the shutdown ofa
smgie component wonld result fn element loadings amd system volfages within emergeney ranges.

Cuirrent TPL standards specity system performance smudies be conducted to melude the planned
(including maintenance) outage of any bulk electric squipment (including proteciion systems or
thelr components} at those dernand levels for which plamed outages are parformed. This applies to
both sigle and multiple confingency types INERC category By C and D). Planned oufages in this
exse mehude only those scheduled from at least one year out from ihe tire the planaing analysis is
finalized. Since maintenance outages are ot typically plansed that far in advance, ITC Planaing
Criteria goes bevond the compliance reguirements and includes all conibinations of NERC category
B {(single) contingencies with ail other NERC category B {single} contingencies. The mtent of his
criteria is to ensure sufficient transmission system is plannsd o allow the required mialsntenance of
Bulk Flectric Sysiem {BESY equipment while being sble to withstand the relatively higher
probability of @ NERC category B {single) evenit. Dues to the relattvely lower probability of a
NERC category C {nudfiple} of NERC category D (extreme} contingeney event, only schieduled
planned outages are combined with category C and I confingencies in phinning analysis,

When stidying shundown condifions, generators shall be dispatclied on a basis that considers
conmmitted resourees, asstmed econones, and probabilities of foreed and scheduled geverator
outages. It is assumed that doring shuidowns, Transinission Systern Operations will ndnimize the
risk exposure of such outages, However, # may be appropriate to consider conditions with multipie
generator units unavailable related to generator mainteriance outages or long generator start up
tines.

There must be a significant, continuoas time downg e year when a system element can be
shintdows for mspection, maintenance, adjacent hazard and/or elenent replacement. Planning
studies must therefore evaluate the svstem under shutdown conditions vsing the maxhium planned
for foad fevel with shutdowns (see Table 2 - Transmission System Planuing Standards). The
maxinu planned for load leved with shutdowns should periedically be re-evaluated w ensure thar
the application of that criterion is consistent with the requirement of having a significant,
contipuons time duing the year when & system element can be shutdown for inspection,
maintenance, and adiacent hazard and/or element replacement.

: - . . : , o
YA shudown is defined as & planned or forced outage of any single clement on the fransaussion systenr
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4.4.3 Single Contingency Followed by Operator Action Foliowed by
Another Single Contingency

The forced ountage of a single generaior, transnassion circut {or portion thereof] or transformer
followed by operator inferaction and then followed by another forced owtage-of a single generator,
lransEission circult {or portion thereat) or transformer is considered to be a NERC Categoy C
event, Under these conditions, no more than a pre~detennined anzount of Transmission System
annual system peak load can be projected to be lost. This load loss considers inlentional load
shedding and the foreed outage of load subseqguent 1o ilie contingency. For load levels below the
maxirum planned for load fevel with shutdovms, if is expected that po foad would be fost undey
these type of condifions as the systeis will be planoed to be able to withstand the shutdowsn of an
element plus the contingency loss of another element (see Table 2 ~ Transmissfon Planndng
Standards).

4.4.5 NERC Category D — Extreme Event

The Transmission System will be evaluated using & number of extreme contingencies that are
sudged by Planndng to be critical. Tt is not expested that it will be postible to evaluate all possible
facility outages that il inte NERC Category D, These events may irvolve substantiad load and
generation loss i a widespread area, These crifical category D contingencies should not result in
cascading outages bevond the Transmission System area and any immediately adjacent areas.

5 Stability Criteria

Stability is the ability of a trbine-generator or power system to reach an acceptable steady-state
operating point following a disturbance. This requires that thermal lvadings, load loss, and voliage
following ihe dsturbance are within the goidelines established in Table 2 - Transnnssion Pluming
Standards.

Pre-disturbance generation conditions should be selected fo maximize generator real power, and
minimize generator reactive power and voliage fn the area wlhere the distrbance is to be simulated.
Power plants most maintsin tronsient sl voltage stability aud have go adverse fmpact on the rest
of the systeny, mcluding other comected generators, when operating anywhers in the range from
0.50 lagging to 0.93 leading power, Wheré the generator does not hiave the capability to achreve
the entize power factor range described above, 1f must be maintain stability throughout the actual
fensible power factor range af the minimmun generator voltage. Turbine-generator and system
stability shall be maintained during and after the most severe of the contingencies listed belown

1. Wit the transmisston system normal, a three-phase fault at the most critical 1scation® wiih
pormal® clearing,

2. Simuftaneous phase-to-ground faulis on different phases of each of two adjacent
transinission circuits on a mudtiple cireuil tower, with normal® clearing.

3. A double phase-to-ground fauli at the most critical Iocation® with delaved® ¢learing,

4, With one element {transmnission lne, transformer, profective relay, or civeuit breaker)
initially out of service, a permanent three phase-io-ground fault at the most critical focation®.

s
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5. A penmianent phase-to-ground fault on a circuds breakes with normat clearing.

Generator minimum reactive limits should be determined based on the most severe post distusbance
operating point that results from applying the above stability eriferia. Generstor minfouny reactive
timits are determiinad with and without the automatic voliage regulators in service.

a)  Fanhis shoulid be placed on generators, fransnussion circusts, waasfonmers, and bus sections.

b)  Nermal clearing means fhat all protective equipment warked as intended and within design guidelines.

ot Delayed clegnng saeans thiat 8 oirenit broaleer, relay or conmmenicntion chamiel las malfwoctioned oo fadod to operate within
design puidelines. If the delaved cleating is due 0 a fasfure. (o operate, local and remote backuy clearance s appraized.

6 Short Circuit Criteria

Short circuit currents are evaluated in accordmnce with industry standards as specified inthe
American Nafioma] Standards report ANSIC37.5-1981 for older breakers rated on the total current
{asynumnetrical} basis and the American Standards Association report C37.010-1979 (Reaff 1988)
for new breakers rated on a symmetrical cwrent basis,

I genetal, fault currents must be withia the specified momentary andfor nferrupting ratings for the
devices for studies made with all Dacilities in servics, and with geperators and synchronous motors
represenied by thelr approprate (usually sub-transient safurated) reactance.

7 Power Quality/Reliability Criteria for Delivery Points
Details of Power Quality and Reliabilsty Criteria for Delivery Poiuts are covered in the individual

Interconnection Agreement Documents with the Load Serving Entities. The Planning Engiueer
shall propose projects as required i those agresments.

8 Voltage Deviation Standards

8.1 Capacitor Switching
The maximum perceitl change I systein voltege nnder normal system conditions shall be 3% when
sizing capacitor banks, Banks will also be sized to avoid hammonie resonance,

8.2 Loss of Geheration

Over the norinal generation avaifability range, with all ransnission elements iy service, the voltage
change meassured anywhere in the system shall be considered for tripping a single genesator.
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8.3 Loss of a Transmission Element

Over the normal generation availability range, the voltage change measured anywhere mi the system
shall be considered for the foss of & single transmission elament,

9 Coordination with Other Transmission Systems

8.1 Joint Planning

The Transmission System has interconmections with seighboring systems. These systems include
nefghboring transmission systenys as well as distribution systems, ITCTronsmrission and Michigan
Flectric Transmission Company also participate in the regional reliability coordination group called
RelabilityFirst. and have therefore agreed to certain principles for system planning and operating
estabiished therem.

The confractual comnitments with fhe intercomectad neighbors, as well as the properties of
interconmectad operations require coordinated joint planning with others of not only the
mrereonnection facilities, but also consideration of the tetworks contiguous to thoss
mtercomections,

8.2 Interchange Capability Criteria

Interconmections with other transmisston systems are intended 1o facilitate the economic and
reliability needs of generatoss and loads directly inferconiiected with the Transmission Sysem. In
pddition, these interconnections can also support the economic and reliability needs of generators
and loads not directly interconnected with the Transmission Systetn. Interchange capability is the
amount of power that can be mansferred across transmission systems. without exceeding the
trznsniission system’s fhoility Hmitations. Accordisigly, the evaluation and phanming of witerchangs
capabifity 15 necessarily @ joint effort by the concerned utilitiss.

The desired import capability based on the Transmission Systemr’s annual peak load is to be
provided for network conditions as defined in NERC dosument "Transfer Capability, A Reference
Procument” for normial and frst contingency single element ourages. Singhe elensents include sy
single zeneratos. (anstdssion efronit {or portion thereof) or transformer.

10 Special Protection Systems (SPS)
It is [TC Transmission and METC policy that new Special Protection Schemes (SPS) not be
instaited on the YTCTranmission and METC systems,  ITCTransission aud METC will not

support fhe installation of an SPS on a neighboring systerm whose pigpose 18 to mitigate pofential
wssues on the ITC Transmission or METC systems.
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For those SPS's that have already been placed in service, pertodic reviews should be performed fo
ensure that the schreme is deactivated when the conditions requirmg its use no longer exist or
systeln improvements to remove fhe SPS are warranted,
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